Abstract Readmission within 30 days after hospital discharge for common cardiovascular conditions such as heart failure and acute myocardial infarction is extremely common among older persons. To incentivize investment in reducing preventable rehospitalizations, the United States federal government has directed increasing financial penalties to hospitals with higher-than-expected 30-day readmission rates. Uncertainty exists, however, regarding the best approaches to reducing these adverse outcomes. In this review, we summarize the literature on predictors of 30-day readmission, the utility of risk prediction models, and strategies to reduce shortterm readmission after hospitalization for heart failure and acute myocardial infarction. We report that few variables have been found to consistently predict the occurrence of 30-day readmission and that risk prediction models lack strong discriminative ability. We additionally report that the literature on interventions to reduce 30-day rehospitalization has significant limitations due to heterogeneity, susceptibility to bias, and lack of reporting on important contextual factors and details of program implementation. New information is characterizing the period after hospitalization as a time of high generalized risk, which has been termed the post-hospital syndrome. This framework for characterizing inherent postdischarge instability suggests new approaches to reducing readmissions.
Introduction
Short-term readmission after hospitalization for common cardiac conditions such as heart failure (HF) and acute myocardial infarction (AMI) is extremely common in older adults. Data from the Medicare population has demonstrated that one in four patients surviving hospitalization for HF is readmitted within 30 days [1••, [2] [3] [4] [5] [6] . Similarly, one in five older persons surviving hospitalization for AMI is readmitted in the month after discharge [1••, 2, 3, 5, 6] .
To reduce costs [7] and improve healthcare quality [8] [9] [10] [11] , the United States government has put increasing pressure on hospitals to decrease preventable readmissions. Starting in 2009, Medicare publicly reported hospital 30-day risk-standardized readmission rates for HF, AMI, and pneumonia on its Hospital Compare website [12] . In 2012, following the passage of the Affordable Care Act, the federal government began directing financial penalties toward hospitals with higher-than-expected 30-day readmission rates for these three conditions [12] . These penalties have increased each year since 2012; this year, total Medicare payments may be reduced up to 3 % for hospitals with the highest 30-day readmission rates for publicly reported conditions [12] .
Despite these changes, the scientific literature has not provided clear guidance on the best ways to reduce preventable rehospitalizations. Studies identifying risk factors have found inconsistent results; published predictive models have had only poor to fair discriminative capacity; and intervention studies have generally been limited by their small sample size and local context-dependent factors. Findings have been heterogeneous and are difficult to generalize.
Our aim in this review was to summarize literature pertaining to strategies to reduce 30-day readmissions among older patients hospitalized with HF or AMI. In particular, we considered research on predictors of readmission, models for risk stratification, and interventions to reduce rehospitalization. Given the inconsistencies and limitations arising from this traditional deterministic approach to understanding rehospitalization, we also broadened the scope of our evaluation to consider insights derived from the study of national Medicare data, including evidence it provides of a transient period of acquired risk following hospitalization, which has been called the post-hospital syndrome [13••] .
Risk Prediction
Efforts to develop a deterministic understanding of rehospitalization have been difficult, as no specific patient or hospital factors have been shown to consistently predict 30-day readmission after hospitalization for HF or AMI. A systematic review of 112 studies describing the association between traditional patient characteristics and readmission after hospitalization for HF found that demographic characteristics, comorbid conditions, and markers of HF severity such as left ventricular ejection fraction and New York Heart Association class were associated with readmission in only a minority of cases [14] . Although higher levels of admission cardiac troponin and B-type natriuretic peptide were associated with readmission risk, these cardiac biomarkers were measured in fewer than one in six of the included studies. Similarly, a systematic review of 35 studies describing the association between patient characteristics and readmission after AMI found no consistent findings across studies [15] . These results may relate to the fact that examined covariates have generally not included common conditions and syndromes found in the elderly. With the exception of a recent finding linking unrecognized mild cognitive impairment with readmission after HF hospitalization [16] , the association of frailty, mobility disability, impaired functional status, and sensory impairment with proximate outcomes after hospitalization has yet to be examined in older persons with either HF or AMI.
Social factors have also not been conclusively related to short-term readmission despite increased attention to this topic in recent years. For example, a systematic review of social factors in HF readmission found inconsistent associations between short-term readmission and patient socioeconomic status as measured by health insurance and yearly income, social support as measured by marital status, and high-risk behavior as measured by smoking status, cocaine use, and non-adherence in both medication use and physician followup [17] . This may be because the relationship between social factors and readmission is complex and is apparent only in the setting of significant medical or functional needs [18] . These relationships may be further influenced by environmental factors. For example, increasing U.S. state-level income inequality may be associated with higher risk of readmission even after controlling for patient income and education [19] .
Finally, hospital care strategies, hospital structural characteristics, and local care resources have only rarely been conclusively linked with readmission outcomes after hospitalization for HF or AMI. For example, while considerable attention has been drawn to the topic of higher readmission rates at hospitals providing care to minority and safety-net populations [20] , readmission rates may be similar [21, 22] or only marginally higher at these institutions [5, 23] . Moreover, large numbers of minority-serving and safety-net hospitals have low rates of rehospitalization [5, 23] . Controversy also exists within the epidemiologic literature as to whether specific discharge and transitional care practices such as patient discharge education [24] , early outpatient follow-up [25] [26] [27] , and improved communication between hospital and outpatient provider [28, 29] are associated with lower readmission, possibly because the quality of education, communication, and follow-up visits have been difficult to model [30] . Isolated studies have shown that higher readmission rates are associated with lower hospital case volume, lack of availability of advanced cardiac services, and lower nurse-to-patient ratios [31, 32] .
In summary, a review of the literature demonstrates that in a large number of studies, no specific patient or hospital factors have been shown to consistently predict 30-day readmission after hospitalization for HF or AMI. These findings suggest that readmission cannot be easily understood through the exclusive use of a simple deterministic framework. High-risk patients are unlikely to have few conserved characteristics. Strategies to reduce rehospitalization may therefore be unsuccessful if they rely on simple rules for assigning risk.
Risk Stratification
As with risk prediction, accurate risk stratification for rehospitalization has been difficult. In contrast with models predicting short-term mortality among hospitalized patients [33] [34] [35] , no risk prediction model for 30-day readmission after hospitalization for HF or AMI has demonstrated dependable model discrimination and calibration. Discrimination is defined by the area under the receiver operating characteristic (ROC) curve, and measures how well a model can separate those who will and will not have the outcome of interest. In this case, if the predicted risks for readmitted patients are all higher than for patients who are not readmitted, we say that the model discriminates perfectly (c-statistic of 1). Conversely, if risk prediction is no better than chance, the c-statistic is 0.5. Models are typically considered reasonable when the cstatistic is greater than 0.7 and strong when the c-statistic is greater than 0.8 [36] . Model calibration, on the other hand, reflects the degree to which predicted and observed event rates are similar across the overall population of study. Calibration is typically measured by the Hosmer-Lemeshow test or other goodness-of-fit tests. One can therefore have a test that broadly produces accurate estimates of overall readmission risk for subgroups within a population (high calibration) while failing to identify whether particular patients will or will not be rehospitalized (poor discrimination).
For 30-day readmission after HF hospitalization, only two models have generated c-statistics greater than 0.6 after study in both derivation and validation cohorts. The model developed by Amarasingham et al. is an automated model incorporating data from the electronic health record at the time of hospitalization [37] . Final variables include the Tabak mortality score that includes age, vital signs, and various laboratory values [38] , demographic characteristics, specific comorbidities, and markers of social instability and lower socioeconomic status. The model has a c-statistic of 0.72 and does not demonstrate a lack of fit between predicted and observed events. A second model by Hammill et al. combines claimsbased demographic and comorbidity data with clinical data including vital signs, laboratory values, and measured left ventricular ejection fraction [39] . The model does not include markers of social deprivation. Model calibration was good, but discrimination was poor, with a resulting c-statistic of 0.6. Although a third model by Hummel et al. generated a cstatistic of 0.74 by adding information on past hospitalization history to an extended CMS readmission model containing information on patient demographics, comorbidities, vital signs, and diagnostic test results (www.readmissionscore. org/heart_failure.php) [40] , this expanded model has not been validated in a second patient cohort. While other models for HF readmission exist, they were designed to predict different outcomes such as long-term readmission up to one year after hospitalization [41] [42] [43] , HF-related readmission rather than all-cause readmission [41] , or the combined endpoint of readmission plus death [44, 45] . Many of these models have not reported measures of discrimination or results from a validation cohort [43, 44, 46] .
In contrast to the widespread focus on readmission after hospitalization for HF, very few risk prediction models exist for 30-day readmission after hospitalization for AMI. One of these models builds upon the CMS readmission model by adding information on patient symptoms, vital signs, and laboratory testing results to the demographic and comorbidity information found in the original claims-based model for profiling readmission rates across hospitals (www. readmissionscore.org/heart_attack.php) [47, 48•] . No published models for 30-day readmission after AMI have extended the discriminative ability of the CMS model by incorporating data on previous healthcare use or social factors.
More generally, the discriminative ability of predictive models for short-term readmission that have been created for a range of common medical conditions increases with the granularity and comprehensiveness of the included data. Models derived purely from administrative data available at the time of hospitalization have the lowest discriminative ability but are the least onerous to use. These models were originally designed to measure hospital 30-day readmission rates and are as accurate for hospital profiling as models incorporating detailed clinical information available at the time of hospital presentation [47, 49] . These more parsimonious models are therefore the current gold standard for measuring hospital performance and are used by the Centers for Medicare & Medicaid Services in the U.S. However, these claims-based models are significantly less effective for quantifying an individual patient's risk of rehospitalization [48•, 50] . In contrast, models with higher discriminative capacity for short-term readmission for individual patients have used both administrative and clinical data derived throughout hospitalization, data incorporating functional variables, and data incorporating social determinants of health. Unsurprisingly, a recent systematic review of risk prediction models for 30-day readmission involving patients admitted for a broad range of medical conditions found that discrimination was higher for models incorporating data from the entire hospitalization rather than data available only at the time of admission (c-statistic range 0.68-0.83 versus 0.56-0.72, respectively) [48•] . In addition, when different models were compared within the same sample population, the inclusion of variables describing selfrated health, the ability to independently perform activities of daily living, support with activities of daily living, residential stability, and other social factors improved model discrimination to a significant extent [37, 51] . However, additional resources may be needed for the continued collection of data throughout hospitalization and the assessment of patients' self-rated health, functional status, and social attributes.
In summary, our ability to predict which patients will be readmitted is limited. In contrast, we are extremely proficient in predicting short-term mortality among patients hospitalized with common cardiopulmonary conditions. This distinction provides evidence that readmission has complex determinants beyond traditional characterizations of medical complexity and acuity of illness. Given the difficulties inherent in risk prediction, strategies to reduce rehospitalization may be more successful when applied more generally across all discharged patients.
Strategies to Reduce Readmission
Interventions to reduce 30-day readmission after hospitalization for HF and AMI have primarily focused on improving transitional care from the hospital back to the community. However, the literature in this area has significant limitations. The great majority of studies involve a small number of participants at single centers, a shortcoming that is particularly important because the success or failure of complex interventions may be highly context-dependent or may rest on the talents and motivations of a small number of health providers. Yet very few studies report on potentially important contextual factors such as patients' socioeconomic characteristics [17] , available organizational resources to reduce readmissions, and prevailing organizational culture related to collaboration and problem-solving [52] . In addition, information is rarely provided on the specifics of implementation such as required staff resources, training requirements, oversight strategies, and integration into current processes of care. These topics are critical to programmatic development and success in the real world. And, perhaps most fundamentally, there is concern that many studies may be subject to bias due to lack of blinding, as study investigators conduct outcome assessments, thereby increasing the risk of confirmation bias and selective outcome reporting.
Moreover, very few studies have specifically examined the impact of transitional care strategies on 30-day readmission as opposed to readmission over longer time intervals. The few papers that do examine 30-day readmission describe singlecenter cohorts and assess only modest interventions such as pre-discharge patient education and counseling [53, 54] or assessment for discharge readiness [55] . These relatively limited interventions did not result in a significant reduction in 30-day rates of rehospitalization.
Meta-analyses of studies over longer time horizons suggest that multidisciplinary interventions with both pre-and postdischarge components may be effective in reducing long-term readmissions after HF hospitalization. However, many of the included studies are subject to the limitations described previously and are very heterogeneous with regard to their intervention content, delivery personnel, method of communication with patients, intensity and complexity of patient contact, and associated environmental context [56] . However, their associated findings may still have generalizable relevance for short-term rehospitalization. For example, a metaanalysis of 18 randomized controlled trials of comprehensive discharge planning and post-discharge support of older patients with systolic HF found that over a pooled mean observation period of eight months, the number needed to treat to prevent one readmission was 12 [57] . Although specific inpatient and post-discharge interventions varied by study, readmission reductions were seen with many different postdischarge strategies, including home visits, frequent phone contact, and extended home-care services. Similarly, a metaanalysis of 10 randomized controlled trials of chronic care management following HF hospitalization [58] found that program delivery via multidisciplinary teams and in-person contact resulted in fewer readmissions over a period of 3-12 months. In contrast, care delivered by a single expert -in this case a registered nurse with expertise in heart failure -or delivered via phone was less effective. Analogously, singular interventions including high-quality telemonitoring strategies in the post-discharge period [59] have not been effective in reducing readmission after hospitalization for HF.
Intervention studies to reduce readmission following hospitalization for AMI are significantly fewer in number and lower in quality. Only two assess strategies for reducing shortterm readmission [60, 61] . Both involve outpatient nursing follow-up in fewer than 70 patients, and both failed to find a reduction in readmission in the intervention arms. Furthermore, a meta-analysis including these studies, as well as four other randomized trials [62] [63] [64] [65] , failed to link hospitalinitiated discharge support, patient and family education, and community-based support to lower readmission after AMI [66] . However, the included study by Young et al. had the most comprehensive intervention bundle, involving six home visits by a cardiac-trained nurse, a standardized nurse checklist, referral criteria for specialty care, communication with the family physician, and patient education, and was associated with a lower number of all-cause readmission days and emergency department encounters per 1,000 follow-up days [62] .
Outside of HF and AMI, data from other admitting conditions provide limited support for broad-based and longitudinal transitional care interventions. A 2011 systematic review of studies from 1993 to 2011 examined the role of pre-discharge interventions (patient education, medication reconciliation, discharge planning, and scheduling follow-up before discharge), post-discharge interventions (follow-up telephone calls, patient-activated hotlines, timely communication with ambulatory providers, timely follow-up with ambulatory providers, and home visits), and bridging interventions (transition coaches, physician continuity across inpatient and outpatient settings, and patient-centered discharge instructions) on 30-day readmission among patients admitted with a range of medical conditions [67•] . The study found that no single intervention alone was associated with reductions in 30-day readmissions. However, among the randomized studies included in the systematic review, multicomponent interventions were more likely to be successful [68] [69] [70] .
Three other systematic reviews on topics related to care transitions and readmission with component studies, predominantly from the previous decade, have corroborated these results [71] [72] [73] . A study of patient handovers from hospital to primary care found that multicomponent interventions to improve the quality of information shared with outpatient providers, the extent of communication between settings, and the degree to which post-discharge care was coordinated showed benefit in reducing hospital use after discharge, though efficacy could not be traced to specific interventions [71] . Similarly, a systematic review of hospital-initiated transitional care strategies for general medical patients found that a bridging strategy incorporating both pre-discharge and postdischarge interventions with a dedicated transition provider who contacted patients both before and after discharge could reduce readmission or ED visits, though the strength of the association was low [72] . Finally, a Cochrane systematic review of 24 randomized trials investigating discharge planning, defined as the development of an individualized discharge plan for a patient with or without further post-discharge support, found that the relative risk of 90-day readmission was 0.82 in the setting of intervention [73] . In all cases, however, the quality of evidence in favor of specific interventions or a specific intervention bundle was relatively weak.
Given these limitations in the current literature, data from observational studies of large groups of hospitals are particularly important, though they should be considered exploratory in nature. In their Web-based survey of over 500 hospitals participating in a national quality initiative to reduce readmission, Bradley et al. found that hospitals with the lowest 30-day risk-standardized readmission rates were more likely to partner with community physicians and local hospitals to reduce readmission, have nurses responsible for medication reconciliation, arrange follow-up appointments before discharge, have a process in place to send all discharge papers or electronic summaries directly to the patient's primary physician, and assign staff to follow up on test results that return after the patient is discharged [74] . Although risk reduction from the implementation of each individual strategy was relatively low, hospitals that implemented more strategies had significantly lower risk-standardized readmission rates (0.34 % reduction for each additional strategy). Analogously, a survey of 100 hospitals from a different national quality initiative found that hospitals with lower 30-day readmission rates had modestly higher performance on a composite endpoint measuring discharge and transitional care practices [75] . The composite endpoint incorporated the presence of at least one mechanism to remind providers to discharge patients on evidence-based therapies, day-of-discharge education, written discharge materials with medication information, provision of a weight scale at discharge, referral to a disease management program, primary care provider notification about hospital admission, scheduled follow-up appointments for patients, initial followup within 14 days of discharge, and electronic transmission of prescriptions directly to pharmacies or delivery of prescriptions directly to patients.
In summary, the great majority of studies examining strategies to reduce 30-day readmission are limited by singlecenter designs, small sample size, lack of description of important contextual factors, and lack of description of implementation specifics. This information impairs interpretation of study findings, including their generalizability to local contexts. Therefore, while improved transitional care has face validity for reducing rehospitalization, the exact manners for optimally doing so remain unknown.
Insights from National Medicare Data
Given the difficulties in identifying consistent predictors of risk, developing accurate models for risk stratification, and creating generalizable knowledge about effective interventions, we have looked to national Medicare data for further insights. These data are derived from administrative claims filed by healthcare providers for services rendered to Medicare beneficiaries. The strength of the data resides both in its broad generalizability, as it includes all older persons with traditional Medicare health insurance, and its comprehensive accounting of healthcare utilization. Using this national database, we characterized the diagnoses and timing of 30-day readmissions among elderly persons initially hospitalized for HF and AMI [1••] . We found that patients are readmitted with a diverse spectrum of conditions that usually differ from the cause of the initial hospitalization (Table 1) . For example, only 1 in every 10 patients readmitted within 30 days of an AMI is rehospitalized for a second heart attack. Moreover, almost 50 % of 30-day readmissions after AMI are for non-cardiovascular conditions. We also found that while a disproportionately high number of readmissions occur soon after hospitalization, readmissions occur frequently throughout the month after hospital discharge (Table 2) . For example, almost 40 % of 30-day readmissions after hospitalization for HF occur during days 16 to 30 after hospitalization. Taken together, these findings imply that the entire 30-day period after discharge is one of heightened vulnerability for rehospitalization due to a wide range of illnesses.
This generalized and extended period of risk after hospital discharge has been termed post-hospital syndrome. This condition is an acquired and transient period of vulnerability after hospitalization during which the patient is susceptible to a wide range of medical disorders and events [13••] . Why might this syndrome exist, and does it represent a coherent clinical condition? In addition to the acute illness resulting in hospitalization, hospital care and the hospital environment might contribute to post-hospital syndrome by imposing numerous additional stresses on the patient [76] . These include unfamiliar environments, sleep disturbance and deprivation [77] , imposed caloric restrictions [78] , pain [79] , increased immobility due to bed rest [80, 81] , adverse effects of commonly used pharmacotherapies started in the hospital [82] , nosocomial infections [83] , and medical errors [84] . These stresses are frequently experienced by patients who are not only acutely ill, but who also have impaired physiologic reserves due to comorbid conditions and common geriatric syndromes such as cognitive impairment, functional disability, mobility impairment, and frailty. What is indisputable is that recently hospitalized patients are particularly vulnerable to both recurrent disease and secondary illnesses.
It follows that healthcare providers studying rehospitalization should focus not just on the initial condition triggering hospitalization and the transitional care process, but also on the factors during hospitalization and the early recovery period that contribute to further vulnerability after discharge. Our understanding of how to mitigate contributors to physiologic stress during hospitalization must improve. There are multiple potential therapeutic approaches to reduce these stresses that can be investigated. For example, one might experiment with personalizing the living experience while the patient is in the hospital by encouraging family members to bring in favorite and familiar items such as photos and bedding. One can minimize sleep disruptions by reducing nighttime awakenings for vital signs checks, blood draws, and other tests. One might reduce noise and light exposure by disabling unnecessary alarms and turning off lights. One can work doubly hard to improve nutritional intake by minimizing NPO orders and liberalizing caloric restrictions originally designed for younger and healthier outpatients. And one can focus on mobilizing patients as much as possible immediately upon hospital admission rather than just prior to discharge. These and many other interventions would be appropriate for study while the patient is hospitalized. After hospital discharge, one can direct additional resources to rebuilding physiologic reserves while thinking holistically about the patient rather than narrowly focusing on the specific disease process that resulted in the initial hospitalization. Patients likely require longitudinal attention rather than post-discharge care that is limited to a single ambulatory visit, as the risk of deterioration is high for at least the first full month after hospitalization.
There is further evidence in favor of a broad and longitudinal approach to reducing readmissions from our examination of United States hospitals with the lowest 30-day readmission rates after hospitalization for HF and AMI [85•] . Through the study of more than 4,000 acute care hospitals caring for Medicare beneficiaries, we found that the highest-performing institutions had achieved their especially low rates of rehospitalization by reducing readmissions across the entire spectrum of diagnostic categories throughout the month after discharge. These top-performing hospitals were not particularly good at reducing readmissions for specific diagnostic categories (e.g., renal disorders after HF hospitalization or bleeding complications after AMI) or specific time periods (e.g., the first or fourth weeks after hospital discharge). Rather, the highest performers had lowered readmissions for all diagnoses and time periods in the month after hospitalization. Representative data demonstrating similarity in readmission diagnoses across hospital Fig. 1 . This finding suggests that lower readmission rates might be best achieved through use of general strategies and capacities that lower readmission risk globally rather than for specific diagnoses or time periods after admission, as this approach would be consistent with readmission patterns at top hospitals in the United States. Ultimately, further characterization of the underlying cause of post-hospital syndrome will require additional complementary research from multiple disciplines. From an epidemiologic perspective, better understanding is needed of the length of time during which elevated risk persists, the rate at which risk declines over time, and the differences in risk trajectories by patient factors, including the initial admitting condition. From a physiologic perspective, additional insights are needed on the perturbations caused by acute illness and hospitalization on diverse biologic systems, including endocrine, immunologic, neurologic, and musculoskeletal domains. And at a more basic level, better understanding is required of the genetic and cellular factors that modulate the recovery process and increase or decrease specific patients' risk of deterioration in the post-acute care period. This information may not only help in risk prediction but could possibly help guide targeted interventions that lessen preventable harms from hospitalization and hasten recovery after discharge.
Conclusions
Predictors and strategies to reduce 30-day readmission after hospitalization for HF and AMI remain limited. Consistent markers of risk, effective discriminative models for risk stratification, and generalizable knowledge on effective interventions have yet to be determined. In light of these challenges, it has become clear that readmission may not be readily explained by simple deterministic understanding of risk. Alternative frameworks are needed. The post-hospital syndrome describes a period of vulnerability, and is in need of further explication.
As we move forward, an integrated view of patient risk and recovery after hospitalization is needed, one that incorporates a deep understandings of baseline health, the acute illness process, hospitalization, and the transition to the community or post-acute care facility. With older patients in particular, we will need to understand how common geriatric conditions and syndromes relate to care needs during each step within this continuum. Ultimately, this desire to improve care across geographic and institutional boundaries should promote patient-centered outcomes that are more longitudinal and enduring rather than restricted to the hospital. 
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